Central airway stenosis may be a manifestation of benign or malignant lesions and can be a life threatening condition.
INTRODUCTION
Dilation with rigid bronchoscope is associated with a high rate of recurrence. One of the reasons for recurrence following dilation is mucosal injury. The lower the rate of mucosal injury, the lower the risk of recurrence (10) .
Infection in the stenotic area is another reason for recurrence of stricture.
Balloon bronchoplasty (BB), also known as endoscopic balloon dilatation is a beneficial interventional treatment for both benign and malignant lesions (8, 16, 17) .
BB has been used alone or in combination with other treatment modalities as an interventional method for treatment of airway obstruction (18, 19) . Balloon Other more severe complications may include rupture of the airway as the result of over-inflation of the balloon, pneumothorax, pneumomediastinitis and bleeding. In the primary studies, dilatation with angioplasty balloon was used for more severe strictures while balloon and alveoloplasty were performed for milder strictures (21, 16) .
In this study, we discuss BB as a method for treating airway stenosis to further explain this method and evaluate its outcome in a few patients.
MATERIALS AND METHODS

In this study a balloon dilator (Boston Scientific
Corporation) matching the size and type of stricture was used.
Understudy patients had tracheal stenosis due to long term intubation, inflammatory lesions, or autoimmune diseases or stenosis at the anastomosis site after lung transplant. Deflated balloon is inserted into the bronchoscope, passes the stricture and then is inflated using an inflator gun with designated pressures. At first, the balloon is inflated in its smallest size and maintained for 2 minutes. Then, it is deflated and extracted. In the next phase, the balloon is inflated with higher pressure and in the third phase the highest pressure is used.
For web-like strictures APC probe was used. Before dilation, 3 radial incisions were made at 4, 8 and 12 o'clock on the web and then balloon dilator was used for dilation of stricture.
Case 1
Our first patient was a 22 year-old male with tracheal stenosis following long term intubation in the ICU after trauma. Due to the very severe stenosis, tracheostomy had been done for patient. Subglottic stenosis above the tracheostomy had caused almost 99% obstruction. Rigid bronchoscope could not pass the stenotic site.
At first, APC was used for radial incisions and then the lumen was dilated up to 50% using balloon dilator. By doing so, an evaluable lumen was obtained. Mitomycin C was used locally for destruction of granulation tissue. In the next session of assessment, lumen was so dilated that did not require rigid bronchoscope or balloon dilator for further dilation. Only a small amount of granulation tissue was present that was removed with APC.
Case 2
Our 2 nd patient was a 52 year-old man and a candidate for lung transplantation that was referred to us with the stenosis of the anastomotic site. After performing fiberoptic bronchoscopy in the left main bronchus, lots of granulation tissue were observed all along the lumen. These tissues were removed using APC and then stenosis at the anastomotic site was revealed.
At this time, the stricture was dilated using balloon dilator and local mitomycin solution was applied at the dilated site.
In the 2 nd session of evaluation, lumen was completely patent and acceptable. Therefore After rigid bronchoscopy, 3 radial incisions were made on the stricture using APC and then dilation was performed using a balloon.
In the next 2 sessions, patient had no problem during bronchoscopy but in the 4 th follow up session it was revealed that the stenosis had recurred. APC was used again and the stricture was dilated 3 times using a balloon.
Local mitomycin was applied at the site of stricture. It has been 4 months since the procedure and the patient does not need another intervention so far. and dilation of the stricture were done but the stenosis relapsed. In the 2 nd session, after performing APC the stricture was dilated 3 times using a balloon. Methyl prednisolone was injected at the stenotic site and mitomycin was applied.
Case 4
In the next session, dilation was not needed and only injection of methyl prednisolone and local application of mitomycin were done.
Case 5
Our 5 th patient was a 20 year-old female with bronchiectasis. She had a stricture in LMB. Radial APC was performed at the stenotic site and then the site was dilated 3 times using a balloon. No recurrence was observed afterwards and no further intervention was required.
Case 6
Our 6 th patient was a candidate of lung transplantation.
In LMB, he had a very severe stenosis at the site of anastomosis. Rigid bronchoscopy could not pass the lesion.
After performing fiberoptic bronchoscopy the stricture was radially cut in 3 points using APC and then was dilated 3 times with a balloon.
Case 7
This patient was a 34 year-old woman with tracheal stenosis following long term intubation. Bronchoscopy showed a web-like stricture in the middle of trachea. Using APC, 3 radial incisions were made in the stricture and then the stenotic site was dilated using balloon dilator.
Mitomycin was applied at the site of stricture. The patient had no recurrence after 9 months of follow up.
Case 8
The patient was a 16 year-old male with tracheal stenosis following long term intubation. Bronchoscopy revealed a stricture of 2 mm diameter and 5 cm length at the upper trachea. The patient underwent intervention and the stricture was dilated 3 times using a balloon.
Mitomycin was then applied at the site. This procedure was repeated 3 times. In the next follow up 4 months later severe relapse of the stenosis was observed at the same location and the patient was eventually referred for resection and anastomosis surgery.
Case 9
Case 9 was a 26 year-old woman presented with tracheal stenosis of unknown cause. Bronchoscopy revealed a limited stenosis in the subglottic area. The stricture was first electrocauterized and then balloon dilation was performed. In the follow up session 1 month later, no sign of stenosis was detected.
Case 10
This patient was a 27-year-old man suffering from subglottic stenosis following long term intubation who had undergone surgical resection and anastomosis. However, the stricture relapsed at the site of anastomosis. The stricture was removed by APC to some extent. Balloon dilation and another APC were then performed. In the next session, the stricture had relapsed in the form of web which was dilated using a balloon. In the next session, mild recurrence was observed in the same site. Rigid bronchoscopy was done this time which resulted in full recovery of patient. In a study on patients whose strictures had been dilated with balloon, long-term maintenance of an open trachea was reported to be 50%. This rate was more than expected in fibrotic stenosis (8) . In this study pyloroplasty balloon with the length of 5 cm was used. Dilation was performed in one patient with a 5 cm length and 2mm diameter stricture. Recurrence did not occur until 4 months post-operatively but eventually due to severe recurrence, the patient was referred for surgery (patient number 8).
DISCUSSION
Tremblay conducted a study on 3 patients. He made radial incisions on web-like strictures at 4, 8 and 12 o'clock using electrocautery probe followed by dilation. After balloon dilatation, methyl prednisolone was injected at the site of incisions and after 16 weeks the results were satisfactory. However, number of patients was small and follow up period was short (28) . Some authors have recommended the use of corticosteroid or antibiotics following dilation (7, 29) .
Overall, it seems that BB is a safe method for management and treatment of tracheal stenosis that can be done easily even with a flexible bronchoscope. Studies have reported a high success rate and low failure rate for BB. However, its repeated use is sometimes required (20) .
This method has very rare side effects including bronchospasm, airway laceration, bleeding, pneumomediastinum, atelectasis and pneumothorax (20) .
Balloon rupture during the procedure is another possible complication that we encountered once but since the balloon was filled with distilled water no specific problem occurred.
CONCLUSION
Tracheal stenosis is among the serious complications of contemporary medicine especially in developing countries.
Its definite treatment is resection and end to end anastomosis. Balloon bronchoplasty is an interventional modality for control and treatment of this condition. By using this method, we are able to dilate very severe strictures that cannot be dilated with rigid bronchoscope.
In the present study, a series of patients with tracheal stenoses underwent BB. In most cases the stricture was managed with no specific complication or severe recurrence. Therefore, this method can be used as an appropriate safe method with good outcome for treatment of tracheal stenosis along with other treatment modalities.
Further investigations in the form of case control studies on larger populations are recommended for the assessment of the efficacy of this interventional procedure.
